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THE METABOLISM OF THE NUCLEIC ACIDS IN THE SKIN
OF YOUNG RATS*
I. A. BERNSTEIN, PH.D. AND PHYLLIS FOSTER, M.S.
A study of the normal metabolism of the ribonucleic (RNA) and desoxyribo-
nucleic (DNA) acids of mammalian skin has been undertaken with the ultimate
purpose of looking for metabolic defects associated with various pathological
conditions. For example, it seems entirely possible that an aberration in the
synthesis of epidermal RNA may be associated with abnormal keratinization
since protein synthesis appears to be dependent on the metabolism of RNA
(cf. 1). In addition, available evidence suggests that ionizing radiation interferes
in some way with the metabolism of DNA—this "biochemical lesion" being re-
lated to cessation of mitosis, cellular degeneration and the other visible signs
of radiation damage (cf. 2).
Radioactive isotopes may be used as tracers of metabolism, in vivo (cf. 3), to
provide information regarding rates of "turn over" of biological constituents
and the overall pathways involved. This tracer technic consists of observing the
incorporation of isotopes into and release from the biological substances under
investigation. For such studies, one must be able to isolate the substances in
suHlciently pure form to obtain valid pictures of their isotopic content. Because
of the complex—and still uncertain—structures of RNA and DNA, their con-
stituent nucleotides must be isolated for this purpose. A procedure for the iso-
lation of the nucleotides of RNA from the skin of young rats has been previously
described (4). The present paper reports a modification of that technic which
allows the isolation of the nucleotides of both RNA and DNA from the same
sample of skin. Also included are preliminary data on the incorporation of sodium
phosphate-P32 into the nucleic acids.
METHODS
Isolation of the nucleotides of RNA and DNA
Fig. 1 outlines the procedure which is used for the isolation of the nucleotides of RNA
and DNA from the same sample of skin. The tissue is pulverized, homogenized and extracted
with cold 11C104 as previously described (4). The "acid insoluble" residue is defatted (5)
and the sodium salts of RNA and DNA are extracted by the following procedure, repeated
four times: A mixture of 2 volumes of 10 per cent NaCI, 1 drop of n-octanol and the dried
residue is just neutralized with NaOH to phenol red, heated for exactly 5 minutes on the
steam bath (flask equipped with a condenser to prevent loss of 1120), stirred about 1 hour
at room temperature, reheated for no more than 5 minutes on the steam bath and filtered.
The nucleates are precipitated from the NaCI extract by the addition of 2.1 volumes of
alcohol and are incubated in 0.5 N NaOH (1 ml. per 10 mg.) for 18 hours at 37°C to degrade
the RNA into its nucleotides. The DNA, still at the polynucleotide level, is precipitated
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(dermis anti epidermis)
Pulverized in frozen state. Homogenized in 2 vol. 0j N cold
HCl0i.. Centrifuged at 10,000 x g, 10 mm., 0°C.
RESIDUE (protein, lipids, nucleic acids) EX'XRACT ("acid soluble"
nucleotides, sugar
Ge fatted. phosphates ,glycogen,
etc.)
RESIDUE (proteins, nucleic acids) ERACT (lipids)
Neutralized 10% NaC1, mm. on steam bath,l hour atirring
at room temperature. Filtered.
FIfThATE
(nucleic acids) RESIDUE (proteins)
66% alcohol. Centrifuged.
(sodium nucleates) SUPERNATE
0. N NaOH, 18 hours, 37°C. I.cidification to pH 3. Centrifuged.
oxyr1bonucleic acid) SUPERNATE (ribonucleic acid
as mononucleotides)
Deoxrribonuclease, phosphodiesterase. Mononucleotidea adsorbed
on column of Dowex 1 (formats). Gradient elution with HOH
and HCOOH.
(deoxyedenylic acid, deoxyguanylic acid, deoxycytidylic acid,
thymidylic acid separately.)
Adsorbed on column of Dovtex 1 (formats). Gradient
elution with NE1fOR and 50005.
LZAE (adenylie acid, guanylic acid,cytidylic acid and
uridylic acid separately.)
FIG. 1. Flow diagram for isolation of the nucleotides of RNA and DNA from the skin of
young rats. For details of the procedure see text.
at pH 3 (5). The nucleotides in the RNA fraction are then separated by ion-exchange chro-
matography (4). The DNA is redissolved in 0.5 ml. of 11,0 with enough 0.5 N NaOH added
to solubilize the material and reprecipitated at pH 3. For degradation of the DNA into its
nucleotides, commercially prepared pancreatic deoxyribonuclease (Worthington Bio-
chemical) and phosphodiesterase purified (6) from lyophilized venom of Croatus adamaneus
were used. The DNA, 0.3 ml. of 0.3 M MgSO4 and 200 ugm. of deoxyribonuclease, in a final
volume of 12 ml., are incubated at 30°C for 3 hours. To this "DNase digest" are added 1.5
ml. of purified phosphodiesterase (in 1 per cent NaCl) and 6 ml. of 0.3 M glycine buffer,
p119.0 and the mixture is incubated at 37°C overnight or until assay' indicates the degrada-
tion to be complete. The mixture is filtered and the filtrate is diluted to 200 ml. (pH must
be alkaline to phenol red) and passed through a column (bed size: 1.9 cm. diameter, 12 cm.
length) of Dowex 1 ion-exchange resin in the "formate" form2. The resin is washed with
100 ml. of 1120 and eluted' by the gradient technic of Huribert, et at. (7) first with 1 M
'The assay is carried out as follows: 0.5 ml. of the reaction mixture is diluted to 10 ml.
with 1120 and passed through a column of Dowex 1 ion-exchange resin2 in the "formate"
form (bed size: 5 mm. diameter, 40 mm. long). The column is washed with 10 ml. of 1120
and the mononucleotides then eluted with 10 ml. of 1M NH400CH. Recoveries are based
on measurements of absorption of the solution at 260 mit. Any free purines or pyrimidines
present and any nucleosides formed (possibly resulting from contamination of the phos-
phodiesterase preparation with 5'-nucleotidase) will appear in the original effluent and
1120 wash. Polynucleotides will not be eluted under conditions of this test.
2 For preparation of the resin cf. (4).
'Mixing volume: 500 ml. containing 1120 at the start. 500 ml. of 1 M NH400CH put in
reservoir at start. To change to 2 M NH400CH, any 1 M solution left in the reservoir is
removed and 500 ml. of the 2 M solution is put in. The remainder of the system is not al-
tered.
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FIG. 2. Separation of nucleotides of DNA by ion-exchange chromatography. Exchanger:
Dowex 1 (formate). Eluting system: 1 and 2 M NH400CH by the gradient technique of
Huribert, et at. (7. See text for details of the procedure.
FIG. 3. Further purification of the fractions from the "formate" column by ion-exchange
chromatography on Dowex 1 (formate) with HCOOH as the eluting agent. 4 N HCOOH is
put in the reservoir for gradient elution (7). This figure is a composite diagram of three
separate runs on the cytidylic acid fraction, the thymidylic acid fraction and the combined
guanylic-adenylic acid fraction from the "formate" column. For further details see the
text.
NH400CH and after the "thymidylic fraction" has been removed (cf. Fig. 2) by 2M NH4-
OOCH. Elution of the compounds is followed by determining the absorption of the solutions
at 260 m and 275 m with a Beckman DTJ Spectrophotometer.
The eluates making up each of the three fractions shown in Fig. 2 are combined and the
three are separately vacuum distilled to dryness (4) and rechromatographed with HCOOH
exactly as described for the nucleotides of RNA (4). Fig. 3 is a composite diagram of this
second chromatographic step. 40—80 uM. of each nucleotide (per 100 gm. of skin) are ob-
tained in the eluates in this second ion exchange treatment. Each of the nucleotides are
adequately separated from the others by these two passes through resin columns but a
comparison of curves in which the optical density at 260 mM and the radioactivity (in a
I2 experiment) were plotted against ml. of eluate (in the "HCOOH" column) showed that
there were some inconsistencies. Paper electrophoresis in a Spinco paper electrophoresis
apparatus, Model R, for 10 hours at 3°C in 0.02 M potassium citrate buffer, pH 3.5 at 305
milliamperes (300 volts) showed that the "deoxyadenylic and deoxyguanylic fraction"
were each contaminated with a substance absorbing in the ultra-violet but migrating in
the electrical field in a direction opposite to that in which all four nucleotides move. (In
P experiments these contaminants were unlabeled.) These interfering substances were
probably the free bases which arose by hydrolysis of the nucleotides in the acid eluates of
ML.
FIG. 2
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TABLE I
Spectral characteristics of nuclectides
The compounds listed as "known" were isolated from commercial DNA (Nutritional
Biochemical) by the same procedure used to isolate the nucleotides from the DNA of
skin.
Deoxynucleotides jH Maximum(m5) Minimum(m5)
Optical Density Ratios
270
260
280
260
290
260
Adenylic (known) a 260 230 0.80 0.35 0.11
n 260 230 0.71 0.20 0.04
b 260 235 0.77 0.32 0.15
(skin) a 260 233 0.80 0.36 0.13
261 230 0.72 0.24 0.09
b 261 236 0.78 0.30 0.10
Guanylic (known) a 253 229 0.78 0.70 0.50
n 251 225 0.82 0.71 0.35
b 254 242 1.00 0.81 —
(skin) a 250 232 0.78 0.67 0.50
n 250 225 0.80 0.68 0.32
b 253 241 1.03 0.81 0.09
Cytidylic (known) a 280 242 1.77 2.07 1.58
n 271 250 1.24 1.02 0.38
b 272 250 1.24 1.02 0.38
(skin) a 278 244 1.75 2.10 1.58
n 272 250 1.20 0.97 0.37
b 271 249 1.20 1.00 0.39
Thymidylic (known) a 265 236 1.08 0.74 0.28
n 266 236 1.08 0.69 0.24
b 265 247 1.02 0.67 0.21
(skin) a 267 237 1.08 0.73 0.32
n 267 236 1.08 0.75 0.25
b 266 246 1.04 0.69 0.18
* Spectra determined in 0.08 N HCI (a), 0.02 M phosphate buffer, pH 7.0 (n) and 0.08 N
NaOH (b).
the "formic" column. Table II shows the mobilities of known samples (California Founda-
tion for Biochemical Research) of the nucleotides and samples isolated from rat skin.
Identification of the nucleotides of DNA
For the identification of the nucleotides of DNA isolated from rat skin, the spectral
characteristics of the isolated substances were determined in 0.08 N HC1, 0.08 N NaOH
and 0.02 M potassium phosphate buffer, pH 7.0 and compared with the known commercial
samples and with those reported in the literature (cf. 8). These data are presented in Table
I. The identity of each nucleotide is further substantiated by comparison of its behavior
on the ion-exchange columns and in the paper electrophoresis apparatus Table II.
Determination of radioactivity
was determined by drying aliquots of the sample on aluminum plates and counting
with a gas flow Geiger tube. Radioactivity is reported as specific activity (counts per
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TABLE II
Paper electrophoretic mobility of the Deoxynucleotide.s*
Deoxynucleotide
mm.
Known** Isolated from skin
Cytidylic
Adenylic
Guanylic
Thymidylic
3
27
60
81
5
29
58
83
* Experimental details are described in the text.
** Products of California Foundation for Biochemical Research.
TABLE III
Incorporation, of inorganic phospha1ePn into the nucteotides of RNA and
DNA in the skin of young rats
Exp.No.
12
23
29
30
31
34
uC/g1.
8
8
16
16
6
16
Hours of
exposure
1
2
2
2
2
2
4
4*
Counts/Minute/uM. nucleotide
Cytidylic
acid
6,900
(100)
14,400
(100)
—
25,000
(100)
—
12,600
(100)
—
Uridylic
acid
6,100
(88)
10,900
(75)
—
19,000
(76)
—
9,040
(72)
—
Adenylic
acid
4,800
(69)
10,200
(69)
—
16,000
(60)
—
7,630
(61)
—
—
Guanylic
acid
3,340
(48)
6,300
(44)
—
11,000
(44)
—
6,140
(49)
—
Deoxycy-
tidylic acid
—
—
7,150
(100)
—
13,400
(100)
4,370
(100)
9,500
(100)
8,900
(100)
Thymid-
ylic acid
—
—
—
—
11,500
(86)
3,840
(88)
6,680
(70)
4,640
(52)
a eny Ic
—
—
2,250
(31)
—
3,500
(26)
1,300
(30)
2,830
(30)
2,020
(23)
Deonç:guany ic
—
—
3,750
(53)
—
—
1,980
(45)
2,620
(27)
1,680
(19)
Values in parentheses represent relative specific activities. Animals sacrificed at the
indicated times after intraperitoneal injection of sodium phosphate-P32. For other experi-
mental details see the text.
* Preceded by 5 minutes of exposure to beta radiation inside a cylinder (32 mm. di-
ameter, 65 cm. long) of filter paper which had been impregnated with 50 mC. of sodium
phosphatePn. A thin sheet of cellophane "insulated" the animal from the source to pre-
vent contamination of the skin.
minute per uM. of nucleotide) and relative specific activity (specific activity relative to
cytidylic acid given a value of 100). All radioactivity measurements were made to a standard
error of 3 per cent or less.
RESULTS
Table III shows the specific activities of the nucleotides isolated from RNA
and DNA of rat skin after the intraperitoneal injection of sodium phosphate-P32.
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In Exp. 12, the nucleotides of RNA were also isolated from the liver one hour
after administration of the isotope and were found to have the following specific
activities: cytidylic acid, 6,990; uridylic acid, 6,000; adenylic acid, 5,320; guanylic
acid, 3,300. In terms of relative specific activities these values are 100, 86, 76
and 47 respectively. Similarly, the values for skin RNA (average of all experi-
ments) were 100, 79, 62 and 45. For DNA, the average relative specific activities
of the nucleotides 2 hours after administration of the tracer were: deoxycytidylic
acid, 100; thymidylic acid, 84; deoxyadenylic acid, 28, and deoxyguanylic acid,
48. The radioactivity in the RNA of the skin taken as a whole is approximately
3 times that of the DNA. In Exp. 34, the major difference in the relative activities
of the deoxyribonucleotides from the control and irradiated animals was in the
level of 32 in deoxycytidylic acid. Although there was a general decrease in the
levels of 32 of all the nucleotides in the DNA isolated from the irradiated skin
the change in deoxycytidylic acid was less marked.
DISCUSSION
The preliminary data reported in this paper appear to indicate that the RNA
of skin is synthesized at a rate comparable to that of liver although such a con-
clusion can not be unequivocally made without a knowledge for each tissue of
the relative amounts of RNA present at zero time, the amounts synthesized
during the experimental period and the level of 32 in the "precursor pools" of
RNA. Such data are being compiled.
The finding that the level of 32 in the DNA of skin is about one third that in
the RNA is probably an indication of a relatively high rate of cellular division
in this tissue. This "RNA:DNA" ratio has in the past been interpreted in this
manner, e.g. the ratio of specific activities for 32 in RNA to DNA were found to
be of the order of 2 in regenerating rat liver 2 hours after the administration of
labeled phosphate (9) and 3 in rat hepatoma 3 days after injection of the isotope
(10) but 33 in normal adult rat liver 2 hours after the tracer dose was given. The
synthesis of DNA is presently considered to be associated with cell division—
although these processes probably do not occur simultaneously. The relatively
low "RNA:DNA" ratio found in skin in this work is particularly surprising
since, using the "colehicine technic" (12), we have been unable to observe a
significant mitotic rate in the skin of the young rat between noon and 4:00
P.M.—the hours during which these experiments were carried out. Mitotic
activity has been observed with this method between 8:00 P.M. and 6:00 A.M.
It should be noted, however, that we do not know the number of molecules of
DNA which have to be synthesized to obtain the specific activities observed nor
the number of molecules which are synthesized in the course of the division of a
singe cell. Possibly, isolation of the nucleic acids from the dermis and epidermis
separately and correlation of 32 incorporation into these substances with the
hair cycle may help clarify this point.
If it is indeed true and further work confirms the finding that exposure to
radiation decreases the incorporation of 32 into the other three deoxyribo-
nucleotides more than it does into deoxycytidylic acid, this observation would
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seem to support the suggestion of Harrington and Lavik (13) that radiation inter-
feres with the de novo synthesis of "nucleotide precursors".
SUMMARY
A procedure is presented for isolating separately, the nucleotides of DNA and
RNA from the same sample of skin. The technic has been used to study the
metabolism of the nucleic acids in rat skin with 32 as a tracer. Preliminary data
suggest that the rate of synthesis of RNA is similar in the liver and skin of these
animals. The level of 32 in the RNA of the skin as a whole was about 3 times
that in DNA of the same tissue.
The authors are grateful to Dr. Arthur C. Curtis who by his interest in the
maintenance of an active program of fundamental research in his department,
has contributed materially to this investigation.
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DISCUSSION
Dn. VICTOR H. WITTEN (New York, N.Y.): While these seemingly complicated
studies may appear to be relegated to the laboratory, actually these principles are
being used in clinical dermatology. I am sure by now you have knowledge of the
studies on the possible use of 32 given intravenously for the in vivo diagnosis of
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malignant melanoma (e.g. Bauer and Steffen, J.A.M.A. 158: 563, 1955); the
uptake of 32 by the nucleic acids is the principle used for the intended identifi-
cation of the melanomas. Each of these studies state that the uptake of 32
by the nucleic acids of the cells is higher in malignant melanomas than in other
pigmented lesions.
In similar investigations undertaken at the Skin and Cancer Unit, Earle
Brauer, Alfred Kopi and I have thus far failed to corroborate these findings in
that we have found both false negatives and false positives results. In view of the
fact that such a test, if dependable, would be very worth while, we are continuing
our studies.
The concluding remarks of the presenter that beta radiation alters and reduces
the uptake of 32 by the nucleic acid of cells prompts speculation that radiation
of melanomas (not necessarily beta radiation alone but perhaps gamma radi-
ation as well) may alter the cells in such a way that they no longer have the
characteristics of the active malignant melanoma cell. This would be in keeping
with concept of those European schools of Dermatology which practice irradi-
ation of malignant melanoma with large doses of x-ray prior to surgical excision
(Miescher, Arch. Dermat. u. Syph. 200 215, 1955). The theory is that the radi-
ation alters the melanoma cell in such a way that if metastasis does take place,
as unfortunately it so often does, these cells no longer have the characteristics
of the melanoma cell and thus fail to develop malignant melanomas at the sites
of metastasis.
Certainly investigations such as these should be continued and correlated
closely with the clinical studies which attempt to make in vivo diagnosis of
malignant melanoma.
